poles. Under these conditions, chromosome arms open, whereas centromeric cohesion is maintained and thereby results in the typical X or V shape (depending on the position of the centromere) that is seen in chromosome spreads from cells treated with spindle poisons.
To test if arm cohesion is mediated by residual amounts of cohesin, we analyzed Scc1-myc staining in nocodazole-treated cells. Staining with Giemsa, DAPI, or topo II antibodies revealed that chromosome arms opened between 1.5 and 3 hr of nocodazole treatment ( Figures 1E-1G, 2G , 2H, and data not shown). Scc1-myc could be seen in the interchromatid region of chromosomes in which arm cohesion was still present ( Figures  1E and 1F) . In contrast, Scc1-myc was exclusively seen at centromeres but never in arm regions in chromosomes whose arms had opened ( Figure 1G ). These observations are consistent with the notion that arm cohesion is maintained by residual amounts of cohesin.
Plk1 and Aurora B Are Required for the Complete Dissociation of Cohesin from Chromosome Arms
To directly test the above hypothesis, we wanted to analyze if the loss of arm cohesion in prometaphasearrested cells depends on the removal of cohesin complexes. To achieve this, we first had to identify conditions that inhibit cohesin dissociation in prometaphase. In in vitro assays with Xenopus egg extracts, the separase-independent dissociation of cohesin from chromosomes depends on the Polo-like kinase Plx1 [15] and on Aurora B [16] , but it is unknown if these kinases are required for cohesin dissociation in living cells.
To address this question, we first inhibited expression of Plk1 by using RNA interference (RNAi), which arrests cells in a prometaphase-like state (I.S. and J.-M.P., unpublished data), and then analyzed the behavior of cohesin. In immunoblot experiments, Scc1 could be detected in chromosome fractions from Plk1 RNAi cells, whereas most Scc1 had been lost from chromosomes in mitotic cells obtained by nocodazole arrest (Figure  2A ). Immunofluorescence microscopy of Plk1-depleted cells revealed Scc1-myc staining along the entire length of prometaphase chromosomes, with equal intensity between arm and centromere regions (Figure 2B b ) . The Figures 2G and 2H) .
Although cohesin can be completely removed from chromosome arms by Plk1 and Aurora B-dependent that lack Plk1 and Aurora B activity, i.e., even when the cleavage-independent cohesin dissociation pathway has been inactivated (Figure 3) . Under these conditions,
